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f report.
€ The First Phase consisted of designing and constructing a 1,250'

-L —apply Gstate-of -the-art methods for repairing damage to highwaya,ggg,,:
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20. Abstract, continued.

f<::§§§;;; Point is located about 250 airsmiles north of San Francisco, on
the east shore of Humboldt Bay,-Humboldt—County>California. A natural

sand spit was located on the western face of the point, but.the area lies -

directly in 1line with wind and waves entering Humboldt Bay from the
Pacific Ocean. Reports of erosion there have been recorded since the
mid-19th century. By the late 1970s, erosion had become so severe that
the beach had disappeared, and the shoreline had eroded back to the
roadway, threatening the road  and underground water, gas and sanitary
sewer lines. Storm waves 10'\iA-height are common, and were sending rock
flying across the road and against adjacent homes,of the community of
King Salmon.__ - o :

<In 1982, Congress included the area in__an _authorization_tothe
Federal _Highway Administration to <undertake a demonstration project to

. p——— T M E L v e e ———

preventing damage to highways resulting from shoreline erosion.*
four-year, four-phase program was implemented, and is described in this

timber groin and a 200' long rubble-mound head to prevent sand from being
transported south, downcoast.

Phase II consisted of placing 600,000 _yds3 of fine-to-medium grain
sand to reform the almost-24-acre beach.

In Phase III, a 1,050' shore-connected, rubble-mound breakwater was
constructed on the northerly face of the beach. The Phase I timber groin
and breakwater was given an additional 425' arched extension.

Phase IV consisted of vegetating the sandfill with native plants.
The vegetation program included experimental collecting and growing of 20
different native and naturalized species for a two-year period, and then
extensive plantings and monitoring.
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M SYLLABUS

The Buhne Point Shoreline Erosion Demonstration Project was managed by

0 the U.S. Army Corps of Engineers, San Francisco District under the authority E

%
i‘ (|
ﬁ. of the Federal Highway Administration (FHWA). A11 phases of the project, to J

include that portion of the project which was funded by the California

é Department of Boating & Waterways, were coordinated through frequent public )
l.‘
:% Steering Committee Meetings at facilities provided by the local cooperating )
'. .G
sponsor, Humboldt Bay Harbor, Recreation and Conservation District.
[ .
§
A
Wy
% Buhne Point is located in Humboldt Bay, Humboldt County, California
.. 1
R directly across from the entrance channel jetties. Buhne Point spit was a -
D) .
J naturail sand spit that has eroded due primarily to ocean wave action that R
(ﬁ - penetrates through the Humboldt Bay entrance. The erosion progressed to the i
! : o
hat ‘0-_ point that, Buhne Drive, the main access and utility corridor to the adjacent :
4?5 town of King Salmon was threatened. The homes, roads and utilities in King ;-
¥, -
B Salmon were threatened by wave runup and flooding during storms, and wave R
.',l I
E action during high tides.
N 4
A% J
& L ]
> The purpose of the project was to design and construct a state-of-the-art 7
.
4 shore protection project to protect Buhne Drive from further damage due to )
Ok
N '
;” winter storms. Specifically, the project entailed restoring the entire eroded -
\ A3
A beach west of Buhne Drive to its historical 1955 shoreline configuration, and A
\' -
- providing structures to maintain the configuration. The project was
ll‘. )
:f constructed in four phases with a two-year monitoring program. X
). .
~ »
L [
y K
P
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Phase 1 was designed by the County of Humboldt, the U.S. Army Corps of i,
Engineers, and the Department of Boating and Waterways. Phase I consisted of i i;
a 1,250-foot-long timber groin and a 200-foot-long rubble-mound {iE:: ;ﬁl
head. The timber groin was designed to stabilize the Phase II sandfill and to %:_
prevent the material from being transported downcoast into Fields Landing "E
Channel. Phase I was completed in December 1983. ::t

o

Phase Il consisted of restoring the sand spit by hydraulic dredging. The iﬁ_
borrow areas were located inside Humboldt Bay just north of and within the ;ﬁ
middle ground channel. Approximately 600,000 cubic yards of material were :;
dredged forming a fill of almost 24 acres. The Phase II sandfill was designed Eg
to provide the protection for Buhne Drive. Phase Il was completed in May 3&

: 1984. Ei

Phase III consisted of constructing a 1,050-foot shore-connected rubble- AN SS;'
mound breakwater on the east side, extending the rubble-mound head of the Sriv 5;‘
Phase I timber groin by 425 feet on the west side, and providing a rock ¥, i
revetment to stabilize the Phase I timber groin. Four model studies, two ;;‘
physical and two numerical, were used to test the proposed design and develop ;;'
the alignments of the Phase III structures. The model studies were conducted Eé
at the Waterways Experiment Station (WES) in Vicksburg, Mississippi. The ¢§.
Phase III structures were designed to shelter and stabilize the sandfill on a gi?
long term basis. Phase III was completed in March 1985. g;\

KA

Phase IV consisted of revegetation of the sandfill, and a 2-year gii
intensive monitoring program. Revegetation consisted of collecting and S?
planting native seed and sprig species over a 10-acre area. The purpose of Qf.

) the revegetation was to stabilize the sandfill against wind-induced losses. i;g?} EEE.
o
<
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| Phase IV was jointly designed and implemented by the U.S. Army Corps of By

E:' r% Engineers and the County of Humboldt.
i Q N
[} 1
- »
., A 2-year intensive monitoring program was developed by the U.S. Army ’
;' Corps of Engineers to document the performance of the project and determine -
)
* t
its impact on the nearshore zone surrounding the project. The monitoring
g .
? program was composed of two parts: physical and vegetative. The monitoring .
19 -
:2 program was designed to provide periodic update reports from which 5
) recommendations for operation and maintenance of the project were made.
I
3 ]
~'
Y, Following completion of the first four phases, the County of Humboldt .
) L4
' Departmeat of Public Works, under contract to the California Department of \
s
™ Transportation, designed improvements for Buhne Drive. The design included a -
’ -
) )
N 40-foot wide roadway, two 5-foot sidewalks, and 1.5-foot high retaining wall. L“
' ‘E::. The County administered the construction of the improvements through a private '
3 & l.
. contractor. -
) .
" ‘e
s ;
t .
The project has performed well. The beach has been relatively stable and
i‘: has provided protection to Buhne Drive, the road and utilities, and prevented
s flooding and storm damage to the housing area. The beach has altered its
>
Y shape slightly and some minor sand loss and redistribution has occurred. The
: rubble-mound structures and the concrete grouting have performed well. The \
A ':
' project has been tested under normal storm conditions but not under severe .
storm conditions. The vegetative planting has continued to develop and
o M
-fj function to reduce wind-blown sand. A sand fence was installed at the north -
- .
3 . \ v
5 end of the beach to control wind blown sand within the wave runup zone. 3
d % (o
N :
f', .
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"
' 3
o
"—."'I-'I-‘ N R A R N A S A S AL R RN LR A Sy N R A T O A Y N




Sl el tmt et Tl tat a6 tat gl el cud el tal ‘gt “al el Tab gt Cav av gl g? 'ab sl st vaale 2ta’atle g% 2% "2t 2l RY, l|||‘ { ) o gty at \J o 48 2 .||\ 1o ¢t Ty g
U ’ - -

-
e |
BN R..

PURPQOSE AND SCOPE E}
AT
{gé;g '“
The purpose of the Buhne Point Shoreline Erosion Demonstration Project as
stated in the Project Agreement between the Federal Highways Administration ‘ﬂ
and the U.S. Army Corps of Engineers, San Francisco District, was to E&
demonstrate state-of-the-art methods for repairing damage to highways and i
preventing damage tec highways, resulting from shoreline erosion. Specifically, E
the purpose was to design and construct a shore protection project to protect E;
Buhne Drive from further damage caused by winter storms. ‘:
The purpose of this report is to document the Buhne Point Shoreline E?
Erosion Demonstration Project. This report constitutes the final report on :'
the project to the Federal Highway Administration. This report is presented E
in four volumes. The Main Report presents a description of the project ;g
detailing the major phases of the project including pertinent design and cost {ﬁfh g
data. Appendices are bound in four volumes presenting the detailed design l EE
studies and reports prepared for the project. ff
h
A slide-tape presentation was prepared by the Corps of Engineers, in Ef.
conjunction with this report to show the demonstration aspect of the project. ?
The presentation briefly describes the project in a nontechnical format. The i
presentation is on file with the FHWA, and the Corps of Engineers, Los Angeles
and San Francisco Districts, and the Humboldt Bay Harbor, Recreation and
Conservation District. )
%
2 R




-
-
~
Rl

*
3 ¢
v
I AUTHORITY
)
@
Ry In 1982, the State of California Resources Agency, under the Harbors and
% Navigations Code of California, (Sections 65 and 66) authorized funds in the
[/
. amount of $495,000 to the Department of Boating and Waterways for the
3
W construction of a shore protection project in the vicinity of Buhne Point in
W Eureka, California. The Humboldt Bay Harbor, Recreation and Conservation
)
jI District (HBHRCD) was named as the local sponsor. This established Phase I
" for the subsequent Federally sponsored project. Earlier that year,
Congressman Don Clausen, a House Representative, submitted a funding request
.E to Congress in the form of a rider on a Federal Highways Bill to conduct a
» shore protection project at Buhne Point.
e
i
- The Surface Transportation Assistance Act of 1982, authorized the Federal
<4
'SRCYT Highway Administration (FHWA) to appropriate $9 million dollars from the
L
R Highway Trust Fund to construct a shore protection demonstration project in
.. the vicinity of Buhne Point. In June of 1983, the Federal Highway
o
f' Administration, through Memorandum of Understanding (MOU) DTFGH1-83-Y-30024
N authorized the Corps of Engineers to "...assume charge of the project, and
':: take all steps necessary to accomplish the design and construction of a
N
o shoreline protection facility at Buhne Point, Humboldt Bay, California." This
98 established Phases Il through IV of the Buhne Point project.
b
:f
) In August of 1983 an agreement was signed betweea tlie Corps of Engineers,
fi representing the United States of America, and the Humboldt Bay Harbor
;j Recreation and Conservation District (HBHRCD). This established HBHRCD as the
o local sponsor for the project. (See Appendix A for text of the MOU and the
;4 ;Effb Project Agreement).
~ A
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v
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PRIOR STUDIES AND REPORTS

The following reports have been written concerning the erosion problem in Tt

Humboldt Bay. The reports are listed in chronological order:

a. Humboldt Harbor and Bay, California. 7 March 1930. Recommended

no action.

b. Humboldt Harbor and Bay, California. 5 June 1933. This review

studied the effects of the jetties on the erosion of Buhne Point. The

recommendation was unfavorable.

¢. Humboldt Bay, California. 23 October 1950, contained in H. Doc.

No. 143, 82nd Congress, 1st Session. This was a survey on the effects of

erosion on Point Humboldt. No improvement was recommended.

d. Final report to the legislature by the Senate Interim Committee

on Beach Erosion (Senate Resolution #39). This report presented a

transcription of testimony received by the Senate Interim Committee at a

hearing held August 16, 1954.

e. Beach Erosion Control Report on Cooperative Study of Humboldt Bay

(Buhne Point), California. 5 October 1956. This detailed project report

recommended protective measures for Buhne Spit, but no project was implemented

due to lack of local funding.
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f. Views and Recommendations of the State of California on Proposed

Report of the Chief of Engineers, Department of the Army, on Beach Erosion

Control Report of Humboldt Bay (Buhne Point), California. July 15, 1957.

This report contains the comments of the Department of Water Resources,
Department of Natural Resources, Division of Highways and County of Humboldt

on the above mentioned report.

g. Appendix VI, Humboldt Bay (Buhne Point), California. Beach

Erosion Control Study, H. Doc. No. 282, 85th Congress, 2nd Session,

24 July 1957. This study examined protection measures and solutions to the
erosion problem at Buhne Point. The recommendation was to build a 800-linear
foot rubblemound seawall and a 790-linear foot groin, but due to local

inability to cost-share, the project was never implemented.

h. Corps of Engineers Reconnaissance Report for Beach Erosion

Control in the Buhne Point/King Salmon Area, Humboldt County, California. 18

May 1979. This report presented and evaluated proposed solutions to the

erosion problem. No further action was recommended due to lack of local

funding.

i. The History of Erosion at King Salmon-Buhne Point From 1854 to

1982. March 26, 1982. This report is contained in the Humboldt Bay
Symposium, held on March 26, 1982. This report contains a detailed history of

the changes in the shoreline at Buhne Point.

j. The History of Erosion at King Salmon-Buhne Point, Humboldt Bay,

California from 1851 to 1985. February, 1985. This report was prepared for

the Corps of Engineers by the Natural Resources Division of Humboldt County
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and accompanied a series of eighty-four 35mm slides, copies of which were
provided to the Corps of Engineers. This report detailed the historical

changes which occurred at Buhne Point for approximately 130 years.
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PROJECT AREA DESCRIPTICN !

Location

Buhne Point is located in Humboldt Bay, a natural harbor on the coast of

northern California, about 200 miles north of San Francisco. Humboldt Bay is

2

14 miles long, and from 1/2 to 4 miles wide. The bay is separated from the

a0 O

Pacific Ocean by two long, narrow sand spits. The entrance to the bay is
protected by two rubble-mound jetties, built by the Corps of Engineers in the

late 1880's and modified since. (See Figures 1 and 2.)

Three miles south of the city of Eureka, and directly opposite the
entrance to the bay is Buhne Point, sometimes called Red Bluff or Point
Humboldt. The project area is a sand spit known as Buhne Spit, which lies
‘ directly southwest of Buhne Point. Directly to the east of Buhne Spit lies ‘
‘ﬁ;? the small community of King Salmon. Buhne Drive is the bayside boundary )

between the Spit and King Salmon. (See Figure 3.) ‘

The community of King Salmon centers on commercial and sport fishing

facilities and coastal recreation, and is comprised of over 200 homes. Many

. ¥ 8 v

of the residents have moorings in King Salmon Harbor. The community was

developed in 1947, with the fishing facilities developed in 1949,

Directly north of Buhne Spit is the Pacific Gas and Electric Co. (PG&E)
Humboldt Bay Power Plant. To the north of the plant is the Elk River Spit
which extends for about 3 miles. Directly south of Buhne Spit is Fisherman's
Channel, the cooling water intake for the PG&E plant. Fisherman's Channel is

- also the entrance to King Salmon Harbor.
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Shore Ownership

The shore area of Humboldt Bay is primarily in private ownership except
for the Federally owned land on the North and South spits. Much of the shore
area of the South Bay is within the Humboldt Bay Wildlife Refuge. The
developed areas to the south of Buhne Point are used for shipping and lumber
facilities. FElk River spit is undeveloped and owned by the City of Eureka.
Tha shoreline property between Elk River Spit and the PG&E power plant is
owned and maintained by the Eureka Southern Railroad Company Inc., which
provides service to and from Eureka. For the purpose of the project, most of
the Buhne Point area was considered to be privately owned. The project area
was owned by the Eureka Shipbuilders Inc. Title to the property, however, was
subsequently transferred to the Humboldt Bay Harbor, Recreation, and
Conservation District along with a portion of PGRE land downcoast 6f Buhne

Point in 1984.

Weather

Humboldt Bay is exposed to Pacific Ocean storms characterized by high
winds and tides. This area experiences considerable precipitation as well.
Average seasonal precipitation totals approximately 40 inches per year. Air
and water temperature are stable and generally cool or cold. Water
temperatures range from 50 degrees F in January to 59 degrees F in August.
Mean air temperatures range from 47 deqrees F in January to about 62 degrees F
in September., Prevailing winds are from the north and northwest during the
summer and from the north and southeast during winter. Windspeeds range from
Y to 17 niles per hour, with the greatest wind velocity recorded being 56

11les per hour.
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EXISTING CORPS PROJECTS

Entrance Jetties

An understanding of jetty construction on Humboldt Bay at the entrance is
necessary because of the close correlation of the effect of the jetties on the
erosion of Buhne Point. The alignment of the jetties was such that it focused
wave energy from the Pacific Ocean to enter the bay between the jetties and
attacked Buhne Point, which was at an elevation of 100 feet, approximately

1,400 feet west of its present location.

The Corps of Engineers recommended in 1883 that the entrance to Humboldt
Bay be improved with a 6,000-foot-long jetty on the south spit. Construction
of a jetty on the north spit was subsequently recommended in 1391. Both

jetties were completed in 1899,

By 1907, both jetties had become ineffective as they had heen buried hy
channel shoaling. From 1914 to 1925, the jetties underwent reconstruction.

Since 1925, both jetties have undergone many construction-repair cycles.

In 1985, the Corps of Engineers completed a comprehensive condition
survey of the jetties at Humboldt Bay and Crescent City. A complete history
of the Humboldt Jetties is included therein, and may be referred to for

further details.

The existing north jetty is 7,400 feet long and is a rubble-mound
structure. It has a 20-foot by 2-fnot concrete slah running along its entire

length, at a crest elevation of +16 feet MLLW, with a concrete and rock
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L8,
e; ) parapet extending to +20 feet MLLW. The parapet ends in 3 1,050-ton concrete E"
g %%EE monolith. The jetty head has a crest elevation of +26 feet MLLW. E
5, The south jetty, 2,600 feet south of and parallel to the north jetty, is 3
Ei also a rubble-mound structure and extends for 8,990 feet. A 20-foot by 2- ‘
% foot concrete slab runs along the length of the jetty ending in a 950-ton 3
: concrete monolith at the seaward end of the jetty. The jetty head also has a E
:: crest elevation of +26 feet MLLW. E
i :
% Maintenance Dredging ¥
; Dredging began in 1883 in Humboldt Bay in the Hookton Channel. Dredging :é
v was necessary as shoaling had occurred due to the erosion of Buhne Spit from :
a 1854 to 1903. Prior to 1950, the dredge material was disposed within Humboldt z
? o Bay. The principal disposal areas were (a) in deep water at the bayward end 3
& -. of the entrance channel; (b) in deep water west of the northern end of Fields 5
i? lLanding Channel; and (c) in deep water near Fairhaven. In 1938, King Salmon ;
f was delineated as a disposal area, and approximately 80,229 cubic yards were E
p placed there. 3etween 1915 and 1950, almost 3 million cubic yards were v
3 disposed in the bay. For comparison, almost 5 million cubic yards were eroded k
5: from the Buhne Point area between 1859 and 1952. Since 1950, al) dredged ??
X naterial has been deposited in deep water in the Pacific Ocean.
’ ;
ﬁ Annual dredging has been necessary to maintain the Entrance Channel and ?
3 ields Landing Channel. The Entrance Channel is currently maintained at a ;
P depth of 40 feet, and is 500 feet wide with a flare to 1,600 feet wide.
,5 Fields Landing Channel is currently maintained at a depth of 26 feet, and is :
,; gizés 300 feet wide, :
) -
3 :
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STATEMENT OF PROBLEM i:
Buhne Point and Buhne Spit have had a long history of erosion. Wave “

energy entering through the Humboldt Bay Entrance impinges on Buhne Spit and Eﬁ

has created severe erosion of the Spit and shoaling of the navigation éf
channels. In the last decade, the erosion had removed all of the beach »5

thereby exposing Buhne Drive to direct wave attack. Buhne Drive is the only §E

public access road into King Salmon, and contains vital underground utilities 2;

(i.e., water, gas, and the main sanitary sewer line). The PGAE power plant &

was also threatened due to the eroded material from Buhne Spit depositing into %E

their cooling water intake channel. g%

o

The County of Humboldt accepted Buhne DOrive into the County maintained ;E

road system in August of 1954. In 1952, PGRE following acquisition of the E;
property at Buhne Point, placed approximately 3,000 linear feet of rock rip- .;:‘ ?f

rap along their property thereby preventing erosion of the point in that year. o f

The sand spit remained relatively stable west of Buhne Drive until the mid- _js

1960's. -

0

24

The County of Humboldt began placing rock protection alonqg Buhne Drive in gf

1966. By 1982, most of Buhne Spit had eroded, and the entire bay side of T:

Buhne Drive was revetted with large rock to protect the road and underlying E%
utilities from destruction by wave action. PG&E in conjunction with County of ESE
Humboldt, using a $50,000 grant from California Department of Boating & Fﬂ
Waterways, completed placement of rock rip-rap along the shoreline from end of E::
Buhne Drive to entrance to Fisherman's Channel by December 1982. However, gﬁ;

most of this emergency rock revetment was not designed as a permanent : :

structure to withstand large breaking waves and consequently was overtopped }:§§
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A during severe storms. Larger waves were breaking onto the revetment with wave

P
5

runup overtopping the revetment and running onto the roadway, disrupting

traffic and causing localized flooding of homes. (See Figure 4.) During

I.
)
U
o severe storms, smaller rocks from the revetment were carried onto the roadway
‘4
{; and into nearby homes, breaking windows and causing minor structural damage.
pn An earthquake in November 1980 settled the revetment by approximately 3 feet
9 and caused it to unravel at various locations. Buhne Drive became undermined
o
b by wave runup and collapsed in numerous locations. (See Figure 5.) These
conditions created an extreme safety hazard during moderate to large storm
W
h{ wave conditions.
i
]
Potentially, large rocks from the revetment could have become dislodged
N and rolled onto the roadway, thus blocking access to King Salmon for emergency
N o vehicles and the public. In addition, as the remaining spit receded (both
‘ Y
: Ae horizontally and vertically), larger waves could have broken farther up onto
the rock revetment, thus worsening the existing condition.
b
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Figure 5. Waves Overtopping Buhne Drive.
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SHORELINE HISTORY
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General ]
N
The Corps of Engineers has been periodically studying the erosion of the }}
y "
N Buhne Point area since the early 1900's, most recently in the 1979 :,

Reconnaissance report for Beach Erosion Control. It has been documented that

the shoreline in this area has had a history of almost continuous erosicn.

Before permanent structures were erected, the mouth of Humboldt Bay

shifted north and south, depending on the season and ocean conditions. In the

late 1880's, the position of the mouth was permanently fixed by the

construction of the entrance jetties. This permanently focused the wave -~

-

A energy farther south on Buhne Point, thus changing the pattern of erosion. 5?
« o0
L] (‘ .:

From 1880 to 1952, the shoreline of Buhne Point eroded 1400 feet east,

resulting in the loss of nearly 188 acres.

Before measures were taken to protect the shoreline, Buhne Point became a

nodal point for the entire shoreline area between King Salmon and the mouth of »

*\

: the E1k River Spit. Material which eroded between Buhne Point and the root of 7o
'

b’ I
g Elk River Spit was transported north and deposited on the spit. Material which :\

eroded between Buhne Point and King Salmon was transported south and deposited

This material was then eventually deposited into

temporarily on Buhne Spit.

Fields Landing Channel by wave and tidal current action.

Shoreline Changes

Prior to construction of the entrance jetties, there was little erosion

Picy of Buhne Point. Between 1854 and 1891, approximately 200 feet of the beach

Y

LY
G %
S, S {1

: ‘ eroded between Buhne Point and the mouth of Elk River. However, from 1891 to

----------------------------
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........



1926 following construction of the jetties and thereby stabilizing the

entrance to Humboldt Bay, Buhne Point eroded another 200 feet, and from 1926

AL,

LT

e
ey

to 1955, it eroded 1,000 feet; a total of 1400 feet in 101 years.

Buhne Spit, where King Salmon was to become, also went through several
changes from 1854 to 1946. From 1854 to 1903, Buhne Spit began to accrete
slowly to the west. This accretion was probably a result of the increased

: erosion of Buhne Point between Elk River Spit and King Salmon. From 1903 to
1926, the Spit moved 600 feet to the southwest, and from 1926 to 1946, the

Spit moved 400 feet west toward the Bay (See Figure 6). Of interest, there

e E A K

was no Buhne Spit in 1911. (Tuttle, 1982).

In 1930, the Northwestern Pacific Railroad (NWPRR) company installed

a'n 2 & 1 &

3,000 feet of rock revetment along its property to protect the railroad from

waves, and to halt the erosion. In 1938, a Corps of Engineers dredging plan N
delineated King Salmon as a disposal site for dredged material. While little

documentation of this exists, it can be seen from the shoreline changes map

that Buhne Spit experienced large accretion between 1931 and 1939. It is

estimated that as much as 80,000 cubic yards were deposited at this time. In

1952, PG&E bought 137 acres of land at Buhne Point and also constructed 3,000

feet of rock revetment along its shoreline property. While this protection

was effective in halting the landward retreat of the shoreline north of Buhne

Spit, it reduced the supply of littoral material being transported to Buhne

Spit, thus accelerating erosion in the area. The area of the spit in 1956 was

approximately 25 acres.

Since 1961, there has been an almost continuous rate of erosion shoreward

(See Figure 7). From 1961 to 1979, the average annual rate of erosion was pah
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e estimated to be almost 27 feet per year. Starting in 1966, the County of o
X :9}}":3 Humboldt began placing riprap along Buhne Drive. As the erosion of Buhne Spit '
1t progressed, the County had to increase its rate of placing riprap in 1976 .
: because the erosion was beginning to expose the road. By 1982, almost no spit E
1 remained at all, thus establishing the pre-project condition (See Figure 8). Y
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PLAN FORMULATION

In 1982, the Humboldt Bay Harbor, Recreation and Conservation District
approached the California State Department of Boating and Waterways to design
a project to mitigate shoreline erosion at Buhne Spit, and to reduce the
shoaling in Fisherman's Channel. The design report (Appendix E) was completed
in May 1983 with a recommended plan consisting of a timber groin with a
rubble-mound head and an offshore rubble-mound breakwater surrounding a

dredged beach.

Because of the project area's proximity to Federally maintained
navigation channels, it was anticipated that periodic maintenance dredging by
the Corps of Engineers could provide the beachfill material. This was a
critical element of the State's design because alternative methods for

obtaining beachfill material would have caused the project to be too costly.

In 1983, the State of California authorized $495,000 for the State
Department of Boating and Waterways to construct Phase I, the timber groin
with a rubble-mound head. The Humboldt Bay Harbor, Recreation and
Conservation District was the local cooperating sponsor, and the County of
Humboldt was responsible for the final design and construction. It was
considered that the groin, together with the beachfill, would serve as a

short-term solution to the erosion problem.

Concurrent with the State's efforts to design a shore protection project,
Congressman Don Clausen was working on obtaining Federal dollars for a shore
protection project at Buhne Spit. The Federal Highway Administration was

authorized funds in late 1982 to construct a demonstration project in the
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Buhne Point area. The U.S. Army Corps of Engineers, San Francisco District,
was contacted in March of 1983 to take charge of the design and construction

of the project.

Using the State Department of Beating and Waterways recommended plan as a
guide, the Corps of Engineers was responsible for designing the Phase I]
sandfill. In addition, the Corps was also responsible for determining if
there was a need for Phase III long-term stabilization structures, and then

designing them as necessary.

Since the design of Phase 1 of the project was almost complete when the
Corps of Engineers began its studies, the Corps also focused its efforts on
integrating the Federal project with the State project. The Corps of
Engineers served in a technical capacity for the construction of Phase I by
providing soil design values and the Phase [ groin alignment. This insured

the compatability of the State and Federal projects.
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™ In order to maintain communication and coordination between the different .
M ,
:2 agencies involved in this project, Steering Committee Meetings were .
'I I
: established by the Corps of Engineers, San Francisco District and the FHWA. ;
N The meetings were held every other month at the HBHRC District Office, and ¥,
“: were open to the public (See Appendix L). The meetings provided an .
: opportunity for most project concerns and conflicts to be resolved, as well as N
M for project progress to be discussed. These meetings assured good ’
L4
I'd
N communication between the agencies on this project from inception to ,
N 7
L
" completion. The primary participants for the project included: 4
¥,
'
'
. a. Federal Highway Administration
.’ .
< ‘;g b. 1.S. Army Corps of Engineers D,
@
- v San Francisco Nistrict ;3
" .
- Los Angeles District .
. c. Humboldt Bay Harbor, Recreation and Conservation District
¥ d. County of Humboldt Public Works Department R
, s
$ e. Calfiornia Department of Boating and Waterways .
-~ '
o f. California Department of Transportation »
. g. Community of King Salmon
4
: h. Pacific Gas and Electric Company
o
ly
: o
t- -
\I - s
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PHASE 1

Plan of Study

The initial design study for Phase [ of the Buhne Point project was
developed by the Department of Boating and Waterways with assistance from the
Natural Resources Division of the Humboldt County Department of Public Works
and is presented in their 1983 report entitled "Design Study for Ruhne

Point/King Salmon Shore Protection Project" (Appendix E).

The report presented a detailed engineering design study of four basic
types of structures: (a) offshore breakwater, (b) rubble-mound seawall, (c)
rubble-mound groin, and (d) and H-pile groin with wood lagging. From these
studies, twelve alternatives were formulated and evaluated on the basis of
project criteria to determine the recommended plan. The final cesign and
contract documents for the Phase [ structure were developed by the County of i
Humboldt Department of Public Works. The foundation design and alignment were

subsequently provided by the U.S. Army Corps of Engineers. Both design and

foundation studies are presented in Appendix E.

Plan Selection

The recommended Phase 1 structure from the Department of Boating and
Waterways report consisted of a 1400-foot-long H-pile timber groin with a
rubble-mound head. The groin was accepted by the 11.5. Army Corps of Engineers
as the selected plan, and no additional alternatives were considered. The
Phase I recommended plan was modified by the County of Humboldt in

coordination with the Department of Boating and Waterways.




o)

3 o Soil design values were provided by the U.S. Army Corps of Engineers in :
E? o the Phase Il Foundation Report prepared in June 1983 (Appendix E). The final :
alignment of the timber groin and rubble-mound head were also provided by the f:
'g 11.S. Army Corps of Engineers, based on calculations to maximize the sandfill E
:n area while retaining protection features. :
a g
k. Selected Plan ?
'; It was determined during initial Steering Committee Meetings that the N
N State's funding amount of $495,000 would be insufficient to construct both the
'E groin and the rubble-mound head. It was decided that the construction of all
E\ rockwork for Phase I would be added to the construction of the Phase Il
o sandfill, and the cost would be covered under the FHWA funds. Figure 9 shows ;
E the Phase [ structure; Figure 10 is an aerial photograph of the structure EE
: N after completion of construction. :
D :
i; The groin ties into the existing stone riprap along Buhne Drive at 3}
3. Halibut Street. The groin extends for 1,000 feet generally paralleling the t
- existing Fields Landing Channel. For the final 250 feet, the timber groin =
-
E curves eastward at a radius of 600 feet. The steel piles (HP 12 x 53) were E‘
'1 spaced approximately 8 feet apart. The wood lagging was pressure treated :
y A-inch by 12-inch Douglas Fir. A steel wale was added to the downcoast side E;
ﬁ of the timber aroin to increase the structural stability. The wale was an ;;
g additive to the construction contract. The crest elevation of the timber N
N arnin w~as constructed at +11.0 feet MLLW. Filter fabric was also provided EL
j under the hedding layer on the downcoast side of the groin to prevent sand %
. miqgration through the structure. 2
L
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j The rubble-mound head extends 200 feet long and begins 50 feet before the N

QW N ~
“ ::ES' end of the timber groin. The head curves eastward at a radius of 600 feet. N

. The head construction consists of a 5-foot layer of 4-ton rock slope ,

, protection over a quarry waste core and a bedding layer two feet thick. The g

N 1

. n
'; toe protection consists of 1-ton and 4-ton rock. The crest elevation of the

rubble-mound head was constructed at +11.0 feet MLLW. o
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PHASE TII

Plan of Study

The design study for Phase II was conducted by the Corps of Engineers,
Los Angeles District. The purpose of Phase Il was to utilize existing borrow
areas within the bay to design a sandfill that would provide protection to
Buhne Drive. The borrow area was located inside Humboldt Bay, adjacent to the
North Bay Channel. This area is currently dredged on a regular basis by the

Corps of Engineers, San Francisco District for maintenance purposes.

The design studies for Phase Il were focused on two objectives:

1. Determine through soils analysis, the suitability of the borrow

area material for project purposes.

2. Design a sandfill configuration to maximize protection to Buhne

Drive.

Design details and Basis for Design are included in Appendix E.

Selected Plan

Based on the design studies for the sandfill, it was determined that the
borrow area material was suitable for a sandfill at Buhne Drive. The borrow
area was delineated as approximately 4000 feet long by 400 feet wide. (See
Figure 11.) The average distance from the borrow area to the sandfill was
approximately 1.2 miles. The material in the borrow area was excavated by
hopper dredge as wave conditions were too rough for suction or cutterhead

dredges. About 600,000 cubic yards were dredged from the borrow area by a
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hopper dredge and deposited in open water near the project site where the 3
s
material was pumped by a hydraulic suction dredge and moved onto shore. The A
material was placed from the upcoast end to the downcoast end of the timber e
“
groin. N
=
Nh
.l
The sandfill was placed in a triangular configuration. (See Figure 12.)
a
The western side was bordered by the Phase I timber groin, and the eastern .
side was bordered by Buhne Drive. The sandfill extended from Halibut Street s
to King Salmon Drive. An aerijal photograph of the Phase Il project "
confiquration is shown in Figure 13. A
>
To minimize erosion losses, the crest elevation of the sandfill was set X
~
at +15 feet MLLW, which was spread out to +12 feet MLLW during Phase III. The i
RS
seaward slope of the sandfill was constructed one vertical to 10 horizontal, ::é
which reached equilibrium at one vertical to 10 horizontal. The construction :
=
1Y
slope of the sandfill at the groin was one vertical to 3 horizontal, which is b;
W
A
approximately the angle of repose of the sand material. The elevation of the Q
sandfill at the timber groin was approximately about +11 feet MLLW. Ny
-.-.
N
~
a
?
b
3
N
Y
‘,\.
i {
BT
:::;
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PHASE 111

Plan of Study

The design and alignment of the Phase III structures were determined by
the U.S. Army Corps of Engineers, Los Angeles District and the Waterways
Experiment Station (WES) in Vicksburg, Mississippi. The purpose of Phase III
was to develop and construct additional structures in the Buhne Point area, as

necessary, to provide long-term protection to the Phase II project.

The Corps of Engineers enlisted the help of WES to determine, through the
use of mode) studies, the hydrodynamics of the project area, and to use this
information to evaluate the effectiveness of various structures. The model
studies were then used to develop final alignments and elevations. The

engineering design studies are presented in Appendix F.

Model Studies

Four models were used at WES.

a. WES Implicit Flooding Model (numerical)
b. 1:100 Scale Model (physical)
c. 1:50 Scale Model (physical)
d. CELC3D circulation Model (numerical)

Refer to Technical Report CERC-84-5 included as Appendix G, for detailed

discussions of all models used in this study.

---------

-----
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WIFM Numerical Model

The WES Implicit Flooding Model (WIFM), a numerical tidal circulation
model, was used to determine the tidal current field adjacent to Buhne Point.

WIFM models the prototype bathymetry, bottom roughness, and inertial forces

and takes into account the flooding and drying of low-lying terrain. Solving

equations for fluid motion, WIFM identified maximum flood and ebb tidal

currents to be used in the physical models. (See Figures 14 and 15.)

Proposed Phase IIl improvement plans, along with the groin and sandfill,
were represented in the numerical model text, to determine the effects of the
proposed project on the tidal current patterns. WIFM showed that changes in
the tidal current velocities and flow patterns would be minimal everywhere in
Humboldt Bay except near Buhne Point, where there was a one-foot per second

decrease in the current speed.

1:100-Scale Physical Model

A 1:100-scale physical model of central Humboldt Bay included the jettied
entrance to the bay, approximately 18,000 linear feet of shoreline inside the
bay (including Buhne Point), and underwater contours throughout the central
portion of the area between the jetties. (See Figure 16.) This model was
used to determine wave characteristics in the vicinity of Buhne Point for a
series of incident wave conditions, directions, various water levels, and
tidal flow conditions. Statistical wave conditions at the entrance channel for
the model were transformed from deep water by refraction-shoaling analysis

using deepwater wave data from National Marine Consultants (1960)
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" - and Denartment of Naviagation and Ocean Development (1977). Based on the
Yy Sl N
P AN .
s results of the 1:100 model study, the following were concluded: 4
3 K
A :
$: a. Regardless of the direction of incident wave approach from the 3
-, ™
W Pacific Ocean, the angle of the wave front in the vicinity of Buhne Point
'j renains essentially the same. f
- 2
> -
3 h. Test waves from a northwest deepwater direction (approaching <
. through the Humboldt Bay jettied entrance almost directly up the axis of the ;-
N i . b
: cnannel) result in significantly larger waves in the vicinity of Buhne Point, e
oy :\
» as opposed to test waves from the north and/or west. >
: .:
o ~.
v ~
-~ c. The initial alignment of the Phase II sandfill is nearly -
s St coincident with the resultant wave forms approaching Buhne Point. -
L 4
i These results were used in the development of the initial alignments of 3
the Phase III structures that were tested in the 1:50 scale model. W
: :
" 1:50-Scale Physical Model N
h -
) The test conditions ohtained from the 1:100-scale model were used as -]
N input into the 1:50-scale physical model of Buhne Point to evaluate the
}: effectiveness of various structures proposed for shore protection. This model o
) reproduced approximately 9,200 linear feet of shoreline in the Buhne Point i
- area and the immediate underwater contours in Humboldt Bay. (See Figure 17.) ?
i’ The odel utilized an 85-foot-long curved wave generator, a model tidal .
‘ :
¢ current circulation system, and crushed coal tracer material. v
\ ~ 'l:.'?‘: <
s A '_
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Coal tracer tests began with the historical 1966 and 1930 shore
configurations of Buhne Spit. The tests indicated that erosion of the spit
hegan at the upcoast end with material migrating downcoast along the spit and

eventually depositing into Fields Landing Channel.

It was evident that severe erosion at the north end of the spit was
caused by the particularly high wave energy impinging on the local upcoast
area. The downcoast end of King Salmon received a smaller amount of wave

energy.

The next test plan conducted was the Phase I groin and Phase Il sandfill
configuration. The test showed a similar pattern of erosion as in the
historical test. Erosion was quick upcoast at Buhne Point. Material migrated
downcoast toward the Phase I groin and eventually around the groin into Fields

Landing Channel,

Three conceptual Phase II[ plans were then tested: A groin field plan, a

shore-connected breakwater plan, and an offshore breakwater plan.

The groin field plan (Figure 18) was tested, and resulted in erosion
patterns sinilar to the historical and Phase I and II plan tests. Erosion in
the upcoast groin compartments was severe as the material moved through, over
and around the groins, with eventual movement offshore and around the Phase I
groin intn Fields Landina Channel. It was then apparent that longer and/or
more groins would be required to stabilize the sandfill under the groin
concept, which would greatly increase the cost. It was decided that either
the shore-connected breakwater or the offshore breakwater would more

~fficiently reduce the wave energy at Buhne Point. Therefore, no further
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testing of the groin plan was made, and the groin concept was abandoned.

The shore-connected breakwater plan (Figure 19) was tested, and a
configuration that stabilized the sandfill was developed and optimized. This
plan was co ~ised of a 425-foot (crest elevation +7 feet MLLW) extension to
the Phas. ' groin and an 850-foot (crest elevation +13 feet MLLW)
shore-connected breakwater at the upcoast end of the project. The breakwater
tied into the existing revetment with a reverse curve trunk to disperse
reflected waves that may affect other structures in the bay and to dissipate

wave build-up along the trunk from a possible mach-stem effect.

The model showed that under the worst conditions tested (11-second, 10
foot test waves with a +9.5 foot still water level), the shore-connected
breakwater minimized wave run-up and prevented wave energy from reaching Buhne
Drive. Sediment in the lee of the breakwater remained stable, while the
material in the wider fill area eroded to the east to accumulate toward the
root end of the hreakwater, or to the west to accumulate toward the head of
the groin. While some material migrated through the rubble-mound head, the

amount was negligible.

The trunk section of the breakwater was subsequently (Steering Committee
Meeting #5, Eureka, CA; 25 Jan 1984, and in Progress Review Meeting, 30 Jan
1984; Vicksburg, Mississippi) moved upcoast approximately 250 feet extending
the structure to 1050 feet, This configuration was established to provide
jdditional protection to Buhne Drive and to allow for an enlarged area for

sandfill between the landward side of the structure and Buhne Drive.
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L4
: The offshore breakwater plan (Figure 20) was tested, and a configuration X
2 AT .
NS fi%fy that acceptably stabilized the sandfill was developed. This plan consisted of ")
Y a 1000-foot-long breakwater, with a crest elevation of +16 feet MLLW for 425 Y
3 feet at the northeast end, +13 feet MLLW for 475 feet at the southwest end and
\ a 100-foot transition between.
» '
‘ \.: o
& Model testing of this configuration showed that under the same severe )
R« Ly
‘; test conditions, the sandfill remained generally stable. Some material moved o
, westward to accomulate against the groin, and a small amount moved through the .
) .
] rubble-mound head. The shoreline would slightly rearrange, but would ;f
N N
,‘ eventually stabilize. No runup on the overbank was observed on the lee side ;
3 of the breakwater. X
. .
j N
> ::
! .
W N CELC3D Numerical Model ;
. ‘ o
" " A numerical sediment transport model was used to evaluate the proposed .
.f. -
3 improvements. The Coastal, Estuarine, and Lake Circulation Three-Dimensional -
< model (CELC3N) was used to provide quantitative estimates of the hydrodynamic -
’. forces exerted on hotton sediments, and to identify regions where these forces h,.
o ~
i would cause significant erosion or deposition. Based on the results of iy
1) ~
r: CELC3D, the patterns of erosion were identified for the with and without g
W nroposed improvements. It was concluded that: N
w :
:.' -
) a. Erosion occurs at Buhne Point largely due to wave action through ?
oy the Humboldt jetties. 2
N h. FEroded sediments tend to either linger between Buhne Point and .
a _:%3; the South spit or drift south into Fields Landing Channel. "
":'_ s ..",,
Ky
Y ~
~ s
- o
A3 49 -
) : -~
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i c. The proposed improvements would neither alter sediment movements, §

o

A {th nor induce any new erosion patterns. vy
N >
4 Alternatives ﬁf
8 "
Based on the model studies and subsequent discussions, (Steering 3

¢ Committee Meeting #5, Eureka, CA, 25 Jan 1984 and In Progress Review Meeting 2
3 »
. (IPR), 30 Jan 1984, Vicksburg, Mississippi) the following two plans were -
; considered for selection: ;
a3

'S P
- o~
X a. Plan 1-Construction of a 1050-foot Shore-Connected Breakwater at "
1 r‘-
P, the Northeast End of the Phase II Fill. The breakwater would be at an &
elevation of +13 feet MLLW with a 238-foot transition to the +18 feet MLLW ﬁ:

3 PGRE revetment. About 700 feet of the breakwater's capstone would be grout iﬁ
- .
v e sealed to prevent sand migration through the structure and to partially reduce <.
‘0 v

" " wave and current energy transmitted through the structure. g
; :
’J .-
j b. Plan 2-Construction of a 1000-foot Offshore Breakwater Located e
5 Approximately 300 Feet Offshore at the Northeast End of the Phase II Fill. The R
b northeast 475 feet of the breakwater would be built at +16 feet MLLW. The i~
. ..-."
: renaining length would consist of a 100-foot transition from +16 feet MLLW to N
3 +13 feet MLLW and 425 feet built at +13 feet MLLW. R
\I

4 %
k]
Both Plans 1 and 2 include the following: 'y

. ‘.
] L
: a. A 425-Foot Rubblemound Extension (+7 Feet MLLW) of the Phase I >
by Timber and Rock Groin. This structure, as demonstrated in the model study, p
9 5$€;\ would stabilize the southwest portion of the sandfill from diffracted wave }:
WV afads N
* energy from the entrance channel and would retain the sand from migrating out -

: "
[} ‘e
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>
’
of the fill and into Fields Landing Channel. E:ﬂ
.
A .:'. i
SO _,:
b. Grout Sealing of the Existing Phase I Rubble-mound Groin (150 " >
s
Feet) and the Phase III Groin Extension. Sealing of the cover layers would NG
o
R
prevent the migration of sand through the structures. This requirement was :_
N
based on observations in the model study, experience with similar structures, g:
and the fact that the groin extension would be subject to sand migration Eﬁ
through the capstone. Z%;
A
b
c. Grading the Sandfill to +12 MLLW from +15 Feet MLLW and Forming ;:”
Parallel Rows of Dunes (Elevation +14 Feet MLLW). Approximately 2000 linear j;
.
feet of single sand fencing would be placed parallel to Buhne Drive as well. :
.¢\ 3
The sand fence would reduce aeolian transport of sand onto Buhne Drive and the 33'
SN
residences in King Salmon. ::::
A0 :‘::;
. !
d. Placing Approximately 1200 Feet of Revetment (Elevation +12 feet N
l-'(
MLLW) Along the Fields Landing Channel Side of the Timber Groin. The 7
-
revetment would be placed on both sides of the timber groin from Station 10+00 ; '
"‘-"
to the rock head at Station 12+00. The revetment would provide protection to ﬁﬁ-
o
l.- N
the sandfill when the timber baffles eventually deteriorate and become fi
o~
ineffective. -
-4
\'.'I \
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Plan Selection

The estimated construction cost of the two alternative plans were

compared. The estimated costs were:

a. Plan 1 $3,100,000
b. Plan 2 $3,800,000

X
,'1

" 0
y
X

Plan 1 was selected because of the lower estimated construction cost. It

[

was also anticipated that operation and maintenance cost would be less

expensive for Plan 1, since land-based equipment could be utilized for

possible repairs. Detailed cost estimates are contained in the Basis for

AEANY

« @ v 2 -

Design Report included in Appendix F. Figure 21 shows the final project plan,

and Figure 22 is an aerial photograph of the project taken in April 1985. The

(AN 'r:v “»

dark circular areas are patterns from irrigation sprinklers.
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::: PHASE IV

Plan of Study

j Phase 1V of the project was jointly conducted by the U.S. Army Corps of
" Engineers and the County of Humboldt Department of Public Works, and consisted
& of revegetation of the sandfill and a comprehensive 2-year monitoring program.
'% The revegetation was designed to stabilize the sandfill against wind erosion

f losses utilizing native plants. The monitoring program was designed to

a; document the performance of the project and its impact on the near-shore zone.
E This phase was not a part of the Department of Boating and Waterways' original
‘Z recommended plan, but came about due to an objective set forth in the

Memorandum of Understanding between the Corps and the FHWA.

.-"-"-J- LN

Wy Revegetation
e

- The purpose of the revegetation program was to prevent sand loss from

wind transport and by providing an attractive, low maintenance ground cover

. Jsing native plant species. The sandfill placed during Phase Il was contoured
during Phase II! to produce a series of low parallel ridges. (See Figure 23.)
Live seeds and sprigs were collected from nearby native plant species and
planted on the dune ridges and in the swales. (See Appendices B-D for
Vegetation Collection, Planting and Monitoring Reports.) There were three
phases of seed collection and planting during the period from 1985 to 1986.

The revegetation program was developed by the Corps of Engineers, Los Angeles

Jistrict and the County of Humboldt, and the work was conducted under the San

LY

- Francisco Nistrict. A complete listing of species collected and planted can

4 4

LA AP
b, s

o be found in the Seed Collection Reports included as Appendices B and , and

: JE?\; the Environmental Elements Report included as Appendix J.
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Figure 23. Plan View - Dune Elevations
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: Monitoring Program ;
\ J'\'\s '$
v 5533' The monitoring progran consisted of two programs to better distinguish ;
the effects nf the project. The programs were physical and vegetative kg
W "
W« monitaring. -
. <
- (a) Physical. The physical monitoring program consisted of A
" -
% twice-yearly hydrographic and topographic (aerial) surveys and soil sampliings .
> R
¢ to detect volune changes and determine rates of sand movement on and around 3
: the sandfill. The physical monitoring also included a Littoral Environment Bt
) g
) ot
) Observation (LEQ) program to monitor littoral transport as a result of wave .
8 . X’
oy action. The program was developed by the U.S. Army Corps of Engineers, Los f
E Angeles District, and the work was conducted by the Los Angeles and San N
. . o ~
¢ Francisco Districts. o
v o~
» e
¢ o tN
* (’ Analysis of the physical monitoring data indicated that the project is f
<
y performing as designed. The structures are functioning properly and the :8
k" . . . . . ) 0
y shoreline has evolved similar to that predicted in the model studies. Minor 0
losses of sand due to wave action have occurred primarily during storms. "
i -
. Offshore of the replenishment spit, minor erosion has occurred since the ::
" N
3: project was constructed. The volume shoaled into Fields Landing Channel has :‘
’ apparently been reduced, however, shoaling patterns have remained essentially N
;{ the same. Aeolian erosion has been reduced. The details of the physical ?
.~ o
. monitoring program are described in the Monitoring Report included in 3
) Aapendix H. ™
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; . |
5 (b) Vegetative. The vegetation monitorina program, consisted of 2
) N .
, pe
. . . . AN .
‘ monitoring two study areas in the dunes to be revegetated. The areas were ;q;q? -
§ " e "
[} el »
monitored for germination, development and survival. The purpose of the “a
. monitoring was to determine the effectiveness of different types of vegetation N
. and planting techniques in creating a permanent stabilization cover for dunes. il
1 1 a
' The program was developed by the U.S. Army Corps of Engineers, ios Angeles
W -
X District, and the work was conducted by the County of Humboldt under contract he
n ‘4
2 with the San Francisco District. Results of the vegetation monitoring progran "
are summarized in Appendix J. Detailed analyses of the monitoring data are .
J -
\
o shown in appendices B and C. e
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PROJECT COSTS

£ s o

5

A summary of the project costs is presented in Table 1. The costs are
separated into project management, engineering and design, and construction

and field work (monitoring costs) for each major phase of work. J
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